Role of DNA methylation in the regulation of cell function: autoimmunity, aging and cancer.
DNA methylation plays an essential role in maintaining cellular function, and changes in methylation patterns may contribute to the development of autoimmunity, aging and cancer. Evidence for a role in autoimmunity comes from studies demonstrating that inhibiting T lymphocyte DNA methylation causes autoreactivity in vitro and a lupus-like disease in vivo. The autoimmunity is due in part to the heterodimeric beta(2) integrin lymphocyte function-associated antigen-1 (LFA-1) (CD11a/CD18) overexpression, and T lymphocytes from lupus patients hypomethylate the same CD11a promoter sequences, overexpress LFA-1 and demonstrate the same autoreactivity. Procainamide and hydralazine, two drugs that cause a lupus-like disease, also inhibit T cell DNA methylation, increase LFA-1 expression and induce autoreactivity in vitro and autoimmunity in vivo, supporting the association of DNA hypomethylation and autoimmunity. Methylation patterns also change with age in T lymphocytes as well as other tissues, typically with an overall decrease in methylcytosine content, but with increases in some cytosine guanine dinucleotide (CpG) islands. Age-dependent hypomethylation contributes to LFA-1 overexpression with aging, which may play a role in the development of autoimmunity in the elderly and age-dependent methylation of CpG islands in the promoters of tumor suppressor genes is an early event in the development of some cancers. DNA hypomethylation also may contribute to carcinogenesis by promoting overexpression of proto-oncogenes, chromosomal translocations and loss of imprinting. The mechanisms causing altered DNA methylation in autoimmunity, aging and carcinogenesis are incompletely characterized but include exposure to environmental agents and drugs, diet, altered signaling in pathways regulating DNA methyltransferase expression and changes in endogenous regulatory mechanisms. Other mechanisms are likely to be identified as well.